Abstract: In this paper the values of survival probabilities of the large rapidity gaps are found for high mass diffraction in proton-proton collisions, and in deep inelastic scattering. We show that these values are very sensitive to the experimental information on the cross section of the double diffraction production. We confirm the idea of Ref. [1] , that the measurement of high mass diffraction in deep inelastic scattering, will allow us to extract information on both the value of the survival probability, and on the value of the triple Pomeron vertex.
Introduction
A large rapidity gap ( LRG ) process is defined as one where no hadrons are produced in a sufficiently large rapidity region. Diffractive LRG are assumed to be produced by the exchange of a colour singlet object with quantum numbers of the vacuum, which we will refer to as the Pomeron. We wish to estimate the probability that LRG, which occur in diffractive events containing a hard sub process, survive rescattering effects i.e. survive the population of the gaps by secondary particles coming from the underlying event.
At high energies, elastic and inelastic diffractive processes account for about 40% of the total pp(pp) cross section.
We would like to remind the reader that:-1. The small t behaviour of the scattering amplitude originates mostly from large impact parameter b values.
2. The region associated with large b, where the optical density (i.e. opacity) Ω(b) becomes small provides the major contribution to the survival probability < |S| 2 > of the large rapidity gaps. Consequently, < |S| 2 > decreases with increasing energy due to the growth of the opacity of the interaction.
3. < |S| 2 > is not only dependent on the probability of the initial state to survive, but is sensitive to the spatial distribution of the partons inside the incoming hadrons, and thus, on the dynamics of the whole diffractive part of the scattering matrix.
4. < |S| 2 > is not universal. It depends on the particular hard subprocess, as well as the kinematic configurations. It also depends on the nature of the colour singlet (P, W/Z or photon) exchange which is responsible for the LRG.
Historically, both Dokshitzer et al. [6] and Bjorken [7] , suggested utilizing LRG as a signature for Higgs production in a through a W-W fusion sub process, in hadron-hadron collisions. It turns out that the LRG processes give a unique opportunity to measure the high energy asymptotic behaviour of the amplitudes at short distances, where one can use methods developed for perturbative QCD ( pQCD ) to calculate the amplitudes. Considering a typical LRG process -the production of two jets with large transverse momenta p t1 ≈ − p t2 ≫ µ, with LRG between the two jets. µ is a typical mass scale of the soft interactions. , where dn dy is the number of particles per unit in rapidity. Rough estimates using the Tevatron data shows that L ≈ 0.5 − 1. A LRG means that ∆y ≫ L, and consequently the probability is small; 2. The exchange of a colourless state in QCD. This exchange is given by the amplitude of the high energy interaction at short distances, which we call the hard Pomeron exchange. We define F s to be the ratio between the cross section due to the above Pomeron exchange, and the typical inelastic event cross section generated by gluon exchange. In QCD we do not expect this ratio to decrease as a function of the rapidity gap ∆y = y 1 − y 2 . For a BFKL Pomeron [8] , we expect an increase once ∆y ≫ 1. Using a simple QCD model for the Pomeron , in which it is approximated by two gluon exchange [9] , Bjorken [7] gave the first estimate for F s ≈ 0.15, which is unexpectedly large.
As noted by Bjorken, [7] and GLM [11] , we are not able to measure F s directly ina LRG experiment. The experimentally measured ratio of the number of events with a LRG, to the number of events without a LRG is not equal to F s , but has to be modified by an extra factor which we call the survival probability of LRG.
The appearance of <| S | 2 > in Eq. (1.2) has a very simple physical interpretation. It is the probability that the LRG due to Pomeron exchange, will not be filled by the produced particles ( partons and/or hadrons ) from the rescattering of spectator partons , or from the emission of bremsstrahlung gluons from partons taking part in the hard interaction, or from the hard Pomeron.
where s denotes the total c.m. energy squared.
• <| S bremsstrahlung ( ∆y ) | 2 > can be calculated in pQCD [10] , it depends on the kinematics of each specific process, and on the value of the LRG .
• To calculate <| S spectator ( s ) | 2 > we need to find the probability that all partons with rapidity y i > y 1 in the first hadron, and all partons with y j < y 2 in the second hadron, do not interact inelastically and, hence, do not produce additional hadrons in the LRG. This is a difficult problem, since not only partons at short distances contribute to such a calculation, but also partons at long distances for which the pQCD approach is not valid. 
The cross section of the process can be described by the Mueller diagram (see Fig. 1 ). Which is initiated by the charm component of the photon which has a small absorptive cross section since its interaction stems from short distances (r ∝ 1/m c where m c is the mass of charm quark). Thus, the probability for additional rescatterings (Fig. 2) is relatively small resulting in a high survival probability. This is to be compared with the corresponding high mass diffraction in an hadronic pp(pp reaction (Fig. 3) , for which we expect the rescatterings (Fig. 4) to be significant, resulting in a small survival probability. It is therefore very probable, that present extractions [3] of the 3P coupling are underestimated. Comparing the values of G 3P obtained in the above two channels, taking into account their (different) survival probabilities, leads to a more reliable measure of the 3P coupling, and provides a check of the various theoretical estimates of the survival probabilities.
In this paper, we address two main topics: the value of the survival probability for triple Pomeron vertex in proton-proton collisions, and the calculation of the survival probability for the reaction of Eq. (1.4) . In the next section we calculate <| S spectator ( s ) | 2 > for high mass diffraction in proton-proton scattering in a three channel model for the soft interaction (see Refs. [5] ). The survival probability tuns out to be rather small, and in an agreement with the estimates of Ref. [1] . In section 3 we present our estimates for the survival probability of the process of Eq. (1.4). These calculations show that we have to take into account the values of <| S spectator ( s ) | 2 > . However, the reliability and accuracy of the theoretical estimates are much better than in the proton-proton case. Hence, we consider the experimental ratio
as a check of our procedure for survival probability calculations. In the conclusions, we discuss the main results and unsolved problems.
2. Survival probability for triple Pomeron vertex in proton-proton collisions.
Survival probability in the eikonal model
The cross section for diffractive dissociation in the region of large M can be be viewed as the Mueller diagram of Fig. 3 , which can be rewritten in terms of the triple Pomeron vertex (see Refs.
[?]), namely,
where g(t) describe the vertex of Pomeron -proton interaction, and G 3P stands for the triple Pomeron vertex. However, this diagram does not take into account the possibility of additional rescatterings of interacting particles shown in Fig. 4 . The result can be written in the following form
The factor S 2 SD 1 is defined as
The easiest way to calculate the diagram of Fig. 4 is to switch to the impact parameter for the representation of the diagram of Fig. 3 . We can do this by introducing the momentum q along the lowest pomeron in Fig. 3 . In this case
From Eq. (2.4) we find the form of this amplitude in impact parameter space
Using a linear approximation for the Pomeron trajectory and a Gaussian form for all vertices, namely,
we find that
SD denotes the SD survival probability, and is the same factor that we as <| Sspectator( s ) | 2 > for the specific reaction.
where
Using Eq. (2.7) the expression for the survival probability (see Eq. (2.3)) in the simple eikonal model for rescattering corrections, can be written as:
Two channel model: main ideas and formulae
In the eikonal model only the elastic rescatterings have been taken into account. The two channel model has been developed so as to also include rescatterings through diffractive dissociation (see Refs. [?, 5] and references therein). In the two channel model the diffractively produced hadrons are considered as a single hadronic state which is described by the wave function Ψ D which is orthogonal to the wave function Ψ h of the hadron (proton in the case of interest),
Introducing two wave functions that diagonalize the interaction matrix T
we can rewrite the amplitude A i,k in the form that satisfies the unitarity constraints
G in is the probability for all inelastic interactions in the scattering of particle i off particle k. From Eq. (2.13), the probability that none of the inelastic interactions occur is equal to exp (−Ω i,k (s, b)).
In this representation the observed states can be written in the form
The obvious generalization of Eq. (2.7) is
where < p|1 > = α and < p|2 > = β
where g 3P = G 3P /g 1 (0) and
The numerator of Eq. (2.10) is
For Ω i,k (s, b) we take
where where
Final formula
The survival probability can be calculated as the ratio
2.4 Survival probability and the total cross section for diffractive production
For completeness of presentation we calculate the integrated cross section of diffractive dissociation in the two channel model, together with the elastic and total cross section. The amplitude for elastic scattering and for the diffractive production have the following form (see Ref. [5] ) 
It is instructive to present the calculation for diffractive production in the form of a survival probability (see Fig. 5 ), which we define as the ratio of the output corrected cross section and the input non corrected diffractive production cross section.
We will discuss the result and interpretation of calculations in the next subsection.
Two models for fitting the experimental data
The calculation of survival probabilities requires a specification of the opacities Ω i,k (s, b). These are based on a global fit of the experimental soft scattering data. To this end we have constructed two models based on the general formulae given in Eq. (2.16) -Eq. (2.20), but with different input assumptions.
Model A:
In this model we assume that the double diffraction is negligible, and so take a dd in Eq. 
; (2.32) In our notation ∆Ω = Ω 2 − Ω 1 , Ω 1 ≡ Ω 1,1 and Ω 2 ≡ Ω 1,2 . Following Ref.
[?], we assume both Ω 1 and ∆Ω to be Gaussians in b.
.
(2.35)
For R 2 1 and R 2 2 we use Eq. (2.20).
Model B:
In this model we do not make any assumptions regarding the value of the double diffraction, which enters in our fit (see more details in Ref. [5] 
Results of calculation
The parameters of Model A have been adjusted, at the time, based on a data fit which included the pp and pp total cross sections, integrated elastic cross sections, integrated single diffraction cross sections, and the forward slope of the elastic cross section (see Ref.
[?]). As stated, our input assumption was that the double diffractive channel is negligibly small. Its fitted parameters are listed in Table 1 .
Model B analysis is based on a new fit to the updated data base utilizing the general formulae given in the previous section and in Ref. [5] . The data base includes also the published [?] double diffraction cross sections. The values of Model B adjusted parameters are given, as well, in Table 1 . We present two sets of parameters denoted B(1) and B(2). Even though their fitted g 2 values differ significantly, their χ 2 differ by just 10%. One concludes that the existing data on the diffraction cross sections are not sufficient to constraint the value of g 2 .
Model A and B fitted parameters, specified in Table 1 , were used to calculate the survival probabilities for two different soft diffraction processes. S 2 3P corresponds to single diffraction dissociation in the high mass region (see Eq.Eq. (2.21)). S 2 sd is the survival probability corresponding to the entire region of the produced diffracted mass (see Eq.Eq. (2.28) ). The calculated survival probabilities are presented in Fig. 5 and we note a significant difference between the various output results. Specifically, we note a few qualitative characteristics:
1. The survival probability resulting from Model A are considerably larger than those of Model B. We trace this difference to the observation that g 2 obtained in Model B is a factor 3-5 larger than its value obtained in Model A. This is a direct consequence of model B being less constraint than model A where the double diffractive amplitude is forced to be zero (breaking Regge factorization).
2. The survival probabilities calculated in Model B(1) are consistently larger than the corresponding B(2) output. In the sd sector, the two models predict values of S 2 3P which differ by an order of magnitude. We associate this difference to the difference in the fitted g 2 values in the two models (see Table 1 ).
3. We note that Model B output is not stable enough, probably as a result of the small number of double diffractive data points in the fitted data base. However, we stress the qualitative conclusion that opening the double diffraction channel in the Model B, crucially changes the survival probability estimates obtained in the Model A. This conclusion is supported by our observation that Model B fit to the data base of Model A (i.e, no double diffractive data points) results in adjusted parameters similar to those presented in Table 1. 4. With the exception of Model A with W ¡ 3000 GeV, S 2 3P are consistently higher than S 2 sd . We believe that this reflects the difference in the b dependence of the opacity inputs in the 2 and 3 channel models.
The magnitude and behaviour of S 2
3P depends strongly on how we treat the double diffractive production. For both models S 2 3P differs greatly from (S 2 ) obtained for a single gap configuration in a one channel model, where only elastic rescatterings are considered [?] . S 2 3P is about 3 times larger than S 2 , at the Tevatron and LHC energies, while at Cosmic Ray energies it is 10 times larger.
The soft cross section predictions of Model B(1) at high energies are shown in Fig. 6 . The output of Model B(2) is very similar. These results should be confronted with the predictions of Model A (Ref.
[?]). The two models are compatible, reproducing the ISR-Tevatron soft data base well. The two models slowly develop a difference at very high energies. Model B predicts σ tot = 111 mb for the LHC energy, while model A yields a value of σ tot = 103 mb.
The details of our Model A fit can be found in Ref. [?] . We have used data over the complete ISRTevatron range, all in all 55 experimental points. In Model B we have added 5 double diffraction points. In both Model A and B we have employed both a Reggeon and a Pomeron trajectory. The characteristics of the Pomeron trajectory (which dominates at higher energies) are given in Table 1 . The results of our calculation and the extrapolation to higher energies for the various quantities are shown in Fig. 5 . Our best fit B1 has a χ 2 /(d.o.f) of 1.48, while fit B2 has χ 2 /(d.o.f) of 1.57. As in the two channel Model A fit [?], we note that the relatively high χ 2 obtained in Model B originate mostly from the wide spread of the single diffraction data points. We also note that both fits under estimate the measured values of σ dd , by about 50 percent, and contribute 10 units to the total χ 2 for the five data points (see Ref. [18] ). As we have already observed, an unexpected result is the great sensitivity of the calculated survival probabilities to the values of the parameters in the different models. [5] Diffractive processes are also important at cosmic ray energies. Kamae et al [?] have shown that diffractive p-p interactions play a crucial role in understanding the spectrum of galactic gamma-rays that come predominantly from π 0 → γγ . The inclusion of diffractive processes makes the gamma ray spectum harder, and when this is included together with the assumption of Feynman scaling violations, one can explain about 50 per cent of the "GeV Excess". Note, though, that our new diffractive survival probabilities in the Cosmic Ray energy range are exceedingly small.
Survival Probability

Survival probability for triple Pomeron vertex for J/Ψ-proton collisions.
In this section we calculate the survival probability for high mass diffraction in reaction of Eq. (1.4). From Fig. 2 one can see that we need the following ingredients to make these estimates: the amplitude for the interaction of a colourless dipole with the target, and the description of the J/Ψ production without the additional interaction with the target, which is shown in Fig. 1 . where
where Q 2 s,0 is the saturation scale at
The gluon structure function xG(x, µ 2 ) satisfies the DGLAP evolution equation with the initial condition xG(x, µ 2 0 ) A/x ω 0 . In other words, Eq. (3.2) describes the contribution of the hard Pomeron that can be calculated in perturbative QCD. All parameters in Eq. (3.2) have been found by fitting to the data on In Fig. 8 we show how Eq. (3.1) fits the experimental data.
Using Eq. (3.2) we can write the formula for Fig. 1 ,
In Eq. (3.6) we assume (i) that the hard Pomeron in the upper legs of Fig. 1 does not depend on the impact parameter; and (ii) that the triple Pomeron vertex (HP −P −HP ) is the same as the triple Pomeron vertex for the soft Pomerons (P −P −P ) Here, HP denotes the hard Pomeron while P stands for the soft Pomeron. R is the radius for the soft interaction and it was taken to be equal to R 2 = 12 + ln(M 2 /s 0 ) GeV −2 with s 0 = 1 GeV 2 .
The product of wave functions is taken in the form [?] The exponential factor in Eq. (3.8) and Eq. (3.9) which describes the wave function of J/Ψ meson with velocity v, has been discussed in Ref.
[?] and references therein.
For the diagram of Fig. 2 we can write the expression that takes into account the possibility to rescatter before interaction that produces a J/Ψ meson, 
